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INTRODUCTION 

This is a first annual interim report on the field 
experimental project utilizing asphalt modifiers included in the 
federal aid project number IR94-5(25)185, plant mix overlay, 
Prairie County Line-west, Prairie County, Montana. 
Comprehensively this report is written for the new reader; 
however, for the complete project information, the post- 
construction report is recommended. 

Two polymer modifiers, Kraton D4141G from Shell Chemical 
Company, and Polybilt X-1 from Exxon were used in the test 
section. Both modifiers are rubber type polymers. The regular 
85/100 penetration grade asphalt from Exxon was used in the 
control section and rest of the project. 

The first annual monitoring of the field experimental 
station was completed on August 13, 1992. The monitoring of the 
field experimental project included the location of the fixed 
stations, obtaining profilograph records on both driving and 
passing lanes at each station, survey of pavement surface 
conditions, and taking differential leveling survey of the 
pavement profile. A Rainhart Transverse Profilograph was used to 
obtain the pavement surface profiles. String-line techniques were 
used to set up the profilograph at each of the fixed stations. 
Differential leveling survey was conducted at the base of the 
profilograph to obtain the exact profile of the pavement. The 


procedure used for conducting annual monitoring is shown in 


Appendix A. 
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TEST SECTION 

The test section consists of a length of about 3 miles on 
the east bound-lane and 3 miles on the west-bound lane of 
Interstate Highway I-94. The location of the test section is 
shown in Figure 1. The test section is a part of an overlay 
program of the Montana Department of Transportation. Table 1 
shows the lengths and locations of the highway overlays by each 
of the modified asphalts and the control section for both east 
and west-bound lanes. The detail of the layout of the test 
section by Pocaadan of asphalt binders used and mile post are 


shown in Figure 2. 


Table 1. Mile Post, Station, Length, and Asphalt Binder on East 


and West Bound Lane 


Mile Station Binder on East Binder on West 

Post Bound Lane Bound Lane 

188.0 to | 2126+92 Polybilt Kraton 

188.9 2174+73 Modified Modified 
Asphalt Asphalt 


meo.9 to | 2174+73 85-100 Asphalt 85-100 Asphalt 

neo. 5 2204+73 

29D) CO.8\)42204+73 Kraton Polybilt 

190.6 2264+25 Modified Modified 
Asphalt Asphalt 


The pavement thickness consisted of 0.50 feet of plant mix 
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1940400. 0 


THIS CONTRACT 


END IR 94-51(25)185 


STA. 
BEG. 

STA. 

BEG. 

END 1-1G 94-5(14)181 


Station Mile Post 

1940+00 184.5 Beginning of the Project 

2126+92 188.0 Beginning of the Test Section 
2174+73 188.9 Beginning of the Control Section 


End of the Control Section 


2204+73 189.5 
2264425 190.6 End of the Test Section 
2294+22 191.2 End of the project 


Figure 1. Location of the Field Experimental Test Section 
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bituminous base and 0.20 feet of plant mix bituminous surface 
(PMBS). A thickness of 0.20 feet of the driving lane was trenched 
by a milling machine and was back filled with the respective PMBS 
as the overlay material. A final overlay of 0.35 feet PMBS was 
then placed in two lifts. 

PAVEMENT SURFACE CONDITION 

The first annual pavement condition survey could be divided 
into three distinct sections by asphalt binder used on both west 
and east bound lanes. The Polybilt modified asphalt binder 
sections were covered by the MSU station 1 through 10 in west 
bound lane and MSU station 27 through 35 in the east bound lane. 
The control sections were covered by the MSU station 11 through 
17 in the west bound lane and 36 through 42 in the east bound 
lane. The Kraton modified sections were covered by the MSU 
stations 18 through 26 in the west bound lane and 43 through 52 
in the east bound lane, as shown in Figure 2. 

Three distinct pavement surface textures were observed on 
the physical observation of the field experimental test section 
based on the asphalt binder used. 

The pavement surface conditions were classified according to 
the SHRP distress identification manual for long term pavement 
performance studies (1). Neither transverse nor longitudinal 
cracks were found in the field experimental test section. 
However, other types distress were observed. The distresses 
observed in the modified sections were raveling and weathering, 


polished aggregate, and spot bleeding, whereas the distresses 
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observed in the control section were rutting and bleeding in the 
wheel paths. The distresses occurred in isolated spots. The 
severity level of the distress could not be determined; most of 
the raveling and weathering was just starting in isolated spots 
and spot bleeding was also isolated and scattered. The distresses 
observed in the vicinity of a station, about 100 ft. up and down 
the station, was recorded as the distress in the station. The 
type of distresses observed on the surface of both driving and 
passing lanes at each station are presented in tabulated form in 
Table 2 for the west bound lane and Table 3 for the east bound 
lane. Photographs were taken to record the distresses at the 
station. Photos A, B, and C, show the typical ai angers of 
Polished aggregate, Bleeding spots, and raveling observed in the 
/ 
_Polybilt modified sections. Photos D, E, and F show the bleeding, 
rutting, and polished aggregate observed in the control section. 
Photos G, H, I, and J show the bleeding, polished aggregate, 
.normal raveling, and raveling due to clay ball in the Kraton 
modified section. 
RUTTING 

Rutting is described in the Distress Identification Manual, 
(4) as longitudinal surface depression fs the wheel path. 
Severity level is not applicable. However, severity levels can be 
defined in relation to inches of rut depth. Rut depths are 
measured in inches to the nearest 1/10-inch at 50 ft. intervals 
for each wheel path. However, the rut depths in the field 


experimental test section were measured at the randomly picked 


6 


i Ss oy rn 2 Med 
' " , ry 
= q 4 | y 7, ly = : -_ 
' aie ah) 7 
vit. és 
. Sh ee ; a , 
, : 7 ’ 4 7 o 
§ 0 as ® o yo 


ye vier es 

St) ak peibesid Bie- ‘pai deen aren ee 
of? .otoge bedstoel mi Sexmare nen es 

tc Jeo {hetiwtetab ed tom bined eas fet sak eh 

stoge bersiloat ab paitiese Saree tw gniwods eww sided 

wena rr aT: .beveatteos bas ‘hota loek wate new “want 


nwoe® ite qa .o% QOL Syotse .Ostere Bb. Bo osadesiy atid: 


ome 


ce 
af” .naigsve ait nt ssetiaty aft #6 hetiesved saw 
ots Brivith avod 2o Suede ecg ae hoy wends asonet tad 
nt ate? bes, tude? ri batneserg ex cotlesza Hone. 28 
Lusso tase? i+ 40% € aldst bas enact bee Jaew ot? 
sii? Jo eseaotsaiS edt Srjosyt of seks? Oiev edqeTporee 

to anasextelh [aoteys edd vase <3 Bap 2A adtodt 
{nl Bevresde- ca (saves Bais ,azogh palbeala edi 
beeld edt woda FTobna 3 ,C #623088 .ehokepee SSL 7! vem g 
roltoss foxirbo sit ni’ bevreeds staperope Bovis, 4q ona 


ih 


ssspeitves bedellog .oatheaeld em wods tf Os ,i. ,@ @ 


| ( um OL 
SULT TOS 


moose th eit mt Llad .sto of-e0® prilevea Ons ,anriavi 
; a 


a ; us 
fsuneoM coltasttisasbY sesidaid eis al beditoesb al’ gt 


 1raq { aity on? mi toleeorted svoekaye (sn bor ieng, 

ot aa slevel yityavem ,7evewoH oldsol fqn ton al tevel 4 
oi eliqeh tut .doysb tox 20 eettont ot acbisted a 
aiavamrat “4% 929s. Mord=01\) Sastaom oft Od endsht RES 
blalt ent AY ¥idqeb Jum ot Srovewolt ips feeiw 


i of a 
hewtoLe y Cmohutas aad ae bexienem o3aW igo Biase io 


re 
ie 


Glendive Experimental Test Section, 1992 


Table 2. Distresses Observed on the First Annual Post-construction Pavement Surface of West Bound Lane 


MSU Section |West Bound Passing Lane (WBPL) |West Bound Driving Lane (WBDL) 
Number] Station Used Type Level Type Level 
[1 | 2260+00[ Poybit|  CC‘SSCSC*C‘dLCCSCN Clean Spots | 
[2 | 2254+00| Polybit| Ss CT] SS Polished Aggregate | | 
3 | 2250+00| Polybit||  SpotBleeding | | SpotBleeding | 
[4 | 2244400] Polybit| Ss SCdTS sd Rtveling andWeathering| | 
[4 | 2244+00| Poybit| Ss CEC Polishe Aggregate | 
[4 | 2244+00[ Polybit| Ss | STS Spot Bleeding =| 
[5 | 2238+00| Polybit| | SCT SS CentterLine Joint | 
r__5 |2238+00[ Polybit| STS Raveling and Weathering] _ 
-__5 | 2238+00| Polybit| CT S| Plished Aggregate | 
| __5 | 2238+00| Poybitf  —C*dECt CSpot Bleeding | 
|__6 | 2232+00| Polybit| SCT S| RavelingShoulder | 
2226+00| Polybit| ——SSSCd| ~SS Sd Raveelingand Weathering] 
[__7 | 2226+00| Polybit || SpotBleeding | | Spot Bleeding | 
8 | 2220+00| Polybit|| —-Ravelng —Ss| | =~ Spot Bleeding | 
8 | 2220+00| Poybit| | SC Raving | 
r__9 | 2214+00| Poybit| CdS Raveling Shoulder | 
aero (2206+ 00|Povbiik) Babweslsamoals 
Reed 1) 220000) fexxoni ist en cen ie Rtting | 
-_41_| 2200+00[ Exon] SCSC~C*~*~—‘“‘RSSCSC*édL:CS#Polishhe Aggregate | _ 
| oS Cae ee ee ae a 
[13 | 2192+00| Exxon || Polished Aggregate [|| _RuttingandBleeding |_| 
ia [.2192+00| Bxonf Weathering | 
[14 | 2188+00| Exxon || Ravelng S| | Hair Line Crack | 
eet potseso0}ieoon ee E  FRttingang Bel 
15 |21e4+00| Exon] C*~*~—é‘iLSCS*C*édL;”CO#@Polishhecd Aggregate, =| 
16 | 2180+00| Exxon || Raveling || Polished Aggregate | 
Exon] Ss—~=~<“C*~s~dSC*C*‘idiP‘dishhecd Ag & Bleeding] 
[18 | 2t7o+00| Kraton|| —SSCidECSS CS Spot Bleeding | 
18 | 2170+00| Kraton|| —SSSC*dTCSCS| Polished Aggregate | | 
2164+00| Kraton || BleedingSpot_ | —=—i|_— Polished Aggregate |__| 
[19 [2164+00| Kraton | SSCSC~*idSC‘“‘CSC;SC#Y':«SCCSpotBleeding |_| 
rao | 2164t00d Kron fe Reveling Sas | 
Kraton || __RavelSpot_ | Ss] = sRaveling | 
20 | 2160+00| Kraton | CTC CS CBleeding Spots |__| 
20 | 2160+00| Kraton| ——SSSC*dE:CSC*d CS Polished Aggregate | 
21] 2154400] Kraton || BleedingSpot_—[_— | Raveling | 
21 | 2154400] Kraton | SCSC*dECi‘“‘*‘iL*(C#Bleeding Spots, | 
2154+00| Kraton || =| =~ SPolished Aggregate |_| 
Kraton || BleedingSpots_ | si, ~—S—sRaveling =| 
|__22 | 2150+00| Kraton || PolishedAggregate | | __—~BleedingSpots__ |__| 
[92 [2tso+00| Kraton || SSCL SS Pollished Aggregate | 
Kraton| ———SSSSSC~*dTSSSC*dS;CSCPolished Aggregate | 
[24 [etse+00| Kraton | —SSSCSC~*~idEC*“‘“‘iL”CO#Podishhed Aggpreegnte |__| 
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Glendive Experimental Test Section, 1992 


Table 3. Distresses Observed on the First Annual Post-construction Pavement Surface of East Bound Lane 


MSU ection |East Bound Passing Lane (EBPL) | 
Distress Distress Severity 
Number] Station Used | Type Level Type 
|__27 | 2130+00] Polybit[“SpotBleeding | _—«i|__—~Spot Bleeding | 
| 27 | 2130+00| Polybit[ SsdTSSS«d)SC#Polished Aggregate | 
[28 _|2134+00] Polybitt | Raveling «| ——=—«di|~—=s«Spot Bleeding | 
|__28 |2134+00] Polybit| SSdT~SSS«d);SCéolishhe Aggregate | 


| Polybit] TT Raveling and Weathering) __ 
2138+00| Polyoit| =| Cd Spot Bleeding. |__| 
2138+00] Polybit? | Sd Polished Aggregate |_| 


8 


No 
pa: 
i¢) 
AAS 
j=) 
io) 


30 _[2144+00| Polybit| TSS Spot Bleeding | 
| 30 [2144+00] Polybit[ | «dT ‘Polished Aggregate | 
| 31 _|2150+00[ Polbit|Raveing [oT CSCtidSC‘(* 
BoB a (as Ean 
| 33 | 2160+00[ Polybit[ dT S«dSéPolished Aggregate |_| 
| 33 | 2160+00] Polybit] | «i Raveling and Weathering] 
|_33 [2160+00[ Polybit] TSS Spot Bleeding | 
| __34 | 2164+00] Polybitt] Polished Aggregate [| SSCSSCC‘“‘( 
fee. | 2170400] Poiybit Pang WRavelingys oiling sfouruiny © pod 
| 36 _|2176+00[ Exon [| ~SSCdY:SsCRRutting and Bleeding |_| 
6 Exon} TT Polished Aggregate |_| 
e208 00 Exxon! |S eee Si] me 


Rutting and Bleeding 


COIN 
4 
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a 
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2184+00 


2188+00| Exon] ————“—tsésSSSd;”SsSRRttttingg and Bleeding 
2188+00} Exxon| ss sisdTSSSs«*d)SséPolishe Aggregate 


ele 
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__40 | 2192+00] Exxon | Raveling «| ~——_—~*i|_-Rutting and Bleeding |_| 
| 40 | 2192+00[ Exon [SdT~SSSC*d)SC#Polished Aggregate | 
Exon] Ss  Ruttingand Bleeding [|_| 
|_41 |2196+00] Exon [7 SSC*dT~SSS=*dESséPished Aggregate |_| 
Exon} Ts Rutttingand Bleeding |_| 
|__43 | 2208+00| Kraton | SSS«d~SSSS*dTSéPolishe Aggregate |__| 
|__43 | 2208+00| Kraton[ «| ~SSSSCdSSC«CSpot Bleeding | 
|__44 |2214+00] Kraton | Raveling _—s[__——=s«iY_ Polished Aggregate |__| 
|_45 [2220+00] Kraton| «| ~SS=«dYSGod Surface Texture | 
| 46 | 2226+00] Kraton[ SSC«L=SSS«dS~Polished Aggregate | 
|_46 | 2226+00] Kraton| SS SSS«|~SS—=idRaveling and Weathering| 
AE Ee Pe) ee 
pibeane}s2235+-00Eikraton tA OT PAVEMENT fy ee 
SEE ea PS el a 
| 50 |2250+00] Kraton{ SC*dT~SSS*«*d;SC#Plisheed Aggregate |_| 
Raveling and Weathering] | 
|___SpotBleeding | 
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stations between distance of 200 to 600 ft. 
Profilograph 

The transverse profile of the pavement was taken at each 
identified station and the rut depths of the pavement were 
measured using a Rainhart Transverse Profilograph. This 
profilograph produced a record of the transverse profile of 
pavements displaying the cross section surface profile, wheel 
path ruts, and surface imperfections. The profilograph provides a 
continuous measurement of the section across the entire width of 
the profilograph, approximately 13 feet transverse to the 
@irection of traffic: 

The Rainhart transverse profilograph consists of a diamond 
shaped beam, approximately 14 feet in length which allows 
measurements across a lane via a rotating recording cylinder-pen 
apparatus that follows the rut vertical displacement. The beam 
spans the rutting transversely and is positioned well above the 
highest point of the ruts by means of supporting feet on the 
bottom of the Soa A rotating cylinder, actuated by a cable on 
the beam, carries a pen that scribes the transverse profile of 
the ruts as the cylinder is manually moved on the beam across the 
ruts. A profilograph record is produced on an 8.5 by 17-inch 
sheet of graph paper wrapped around the drum. The vertical 
pavement profile is recorded in a 1:1 scale, while the horizontal 
scale measures the width of pavement at a scale of 1:12 (one inch 
on the chart represents one foot on the pavement). 


The results of the differential leveling survey were 
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recorded in the field book. The positions of the profilograph 
base on the pavement surface were marked. The levels of the 
position of the profilograph base, the steel pins on both sides 
of the pavement, reference steel bar by the right-of-way fence, 
and the pin across the median on the opposite bound lane were 
each recorded. The profilograph was not horizontal; the slope of 
the profilograph was parallel to the slope of the line between 
the position of the profilograph base on the pavement. The exact 
profile of the pavement surface including the transverse slope 
was drawn with these data. 
First Annual Rut Measurement 

The transverse profile records of the first annual post- 
construction pavement surface were obtained by running the 
/ Peiihart transverse profilograph at the same stations as before 
(Post-construction profiles). The exact stations were located 
with the help of the reference bar along the right-of-way fence 
and a metal detector. The center points of the pavement were 
marked from the distances measured earlier in the pre- 
construction pavement survey. The profilograph was set, as 
before, on the driving and passing lanes of each of the east and 
west-bound lanes. The traffic was diverted to the other lane 
while profilograph records were taken in one lane. The outputs of 


profilograph records were obtained for each setting at every 
station. 


Rut Depth 


The maximum rut depths on the wheel paths of the driving and 
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passing lanes of the west-bound lane of the first annual pavement 
surface were measured from the transverse profilograph record. 
Table 4 shows the rut depth on each of left and right wheel paths 
of the west-bound driving and passing lanes. Three distinct 
pattern of rut depths were observed from the data on Table 4 for 
Polybilt modified, control, and Kraton modified sections. It was 
also observed that the rut depth on the driving lane was greater 
than that in the passing lane. The average rut depths on the left 
and right wheel paths of the west bound passing lane were 0.06 
and 0.07 inches for the Polybilt modified section, .11 and .1 
inches for the control section, and .06 and .06 for the Kraton 
modified section. The maximum rut depths on the west bound 
passing lane were 0.1, .18, and 0.1 inches for the Polybilt 
modifiéd, control and Kraton modified sections respectively. The 
average rut depths of left and right wheel paths of the west 
bound driving lane were 0.12 and 0.12 for Polybilt modified 
section, .37 and .38 inches for the control section, and .11 and 
.09 inches for Kraton modified section. The maximum rut depth of 
the west bound driving lane was .17" for Polybilt modified 
section, .43" for control section, and .17" for Kraton modified 
section as shown in statistics in Table 5. The relative 
differences of the average, minimum, and maximum rut depths on 
left and right wheel paths of the west bound lane of both 
Polybilt and Kraton modified sections and control section are 
shown in Figure 3 for driving lanes and 4 for passing lanes. 


The average rut depths of the west bound driving lane on the 
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Table 4. First Annual Post-construction Rut Depth on West Bound Field Experimental Test Section. 


BPL est Bound Driving Lane (WBDL 


MSU Highway i Center 
Station Station 
Number 

(in) (in) (in) (in) 
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Figure 3. First Annual Post-construction Rut Depths on Left and Right Wheel Paths of 
West Bound Driving Lane of Polybilt Modified, Control, and Kraton Modified Sections. 
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Figure 4. First Annual Post-construction Rut Depths on Left and Right Wheel Paths of 
West Bound Passing Lane of Polybilt Modified, Control, and Kraton Modified Sections. 
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control section is over three times the average rut depth of the 
Polybilt and Kraton modified asphalt sections. The modified 
asphalt binders apparently lessened the pavement rutting problem. 
The rut depths of the west bound driving lane of the control 
section have reached the value of pre-construction rut depth in 
just over a year. The rut depths of the See lane on the 
control section were also higher than those of the polymer 
modified section. 

Similarly, the rut depths on the east bound driving and 
passing lanes of the pavement surface were obtained from the 
profilograph records and are shown in Table 5. The average rut 
depths on the left and right wheel path of east bound passing 
lane were 0.06 and 0.1 inches for the Polybilt modified section, 
.06 and’ .09 for the control section, and .03 and .08 for the 
Kraton modified section. The maximum rut depth on the west bound 
passing lane was 0.16 for Polybilt modified section, .13 for the 
control section, and 0.12 inches for Kraton modified sections. 
The average rut depths on the pavement surface of left and right 
wheel path of east bound driving lanes were 0.12 and .13 inches 
for the Polybilt modified section, .35 and .39 inches for the 
control section, and .12 and .13 for the Kraton modified section. 
The maximum rut depths on the pavement surface of the left and 
right wheel paths of the east bound driving lane were 0.15 and 
0.2 inches for the Polybilt modified section, .48 and .50 inches 
for the control section, and .15 and .15 for the Kraton modified 


section. The average, maximum, and minimum rut depths, by section 
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Table 5. First Annual Post-construction Rut Depth on East Bound Field Experimental Test Section. 


is rs East Bound Driving Lane (EBDL) _| 
MSU Highway 
Station Station Binder 
Number Used 


East Bound Passing Lane (EBPL) 


Center 
(in) 


(in) (in) 
(a7 _[ 2130+00] Poybit [| a08 | o10 [ 000 | 015 | 014 | 0.00_ 
28 | 2134400] Polybit | 005 [010 | 000 | 012 | 012 | 0.00 | 
29 | 2138+00] Poyoit | oo7 [| 011 | 000 | o10 | 0.09 | 0.00 _ 
30 | 2144+00| Polybit | 005 [| a16 | 000 | o14 | 013 | 0.00 | 
[31 _| 2150+00| Polybit [| 002 | o10 | 000 | 015 | 020 | 0.00 | 
a2 | 2154+00| Polybit | 0.04 | 008 | 000 | 012 | 0.13 | 0.00_ 
[33 | 2160+00| Polybit | 005 [| 005 | 000 | o10 | 010 | 0.00 | 
r_a4 | 2164+00| Poybit | 007 [| 012 [ 000 | 011 | 012 | 0.00 
35 | 2170+00| Polybit | 007 | 005 | 000 | o10 | 010 | 0.00 
-_36__| 2176+00| Exxon | 003 | 005 | 000 | o20 | o21 | 0.00 | 
-__a7__| 2180+00| Exon [005 [| 008 | 000 | 033 | 033 | 0.00 | 
38 | 2184400] Exon | 010 [ 012 [| 000 | 035 | 037 | 0.03 | 
39 | 2tea+o0[ Exon | oo7 [ 013 [ 000 | 038 | 047 | 0.00 | 
40] 2t92+00[ Exon | 009 [012 | 000 | 028 | 037 | 0.05 | 
[at | 2196+00[ Exxon | 002 | o1r | 000 | o48 | 050 | 0.02 | 
a2 | 2200r00[ Exxon | 007 [ 005 | 000 | 045 | 045 | 0.05 | 
43 | 220800] Kraton [0.03 [0.08 | 000 | 010 | 0.09 | 0.00 | 
[44 | 2214400 Kraton | 0.08 | 007 | 000 | 013 | 013 | 0.00 _ 
457] 2220+00| Kraton | 0.02 [0.08 [| 000 | o15 [ 015 | 0.00 _ 
[46 | 2226+00| Kraton | 0.02 [| 009 | 000 | 011 [| 015 | 0.00_ 
[47 | 2232+00| Kraton | 0.071 | ato [ o00 [ o12 | ott | 0.00 | 
[4s __| 2238+00| Kraton | 0.01 | 002 | 000 | 010 [{ 010 | 0.00_ 
49 | 2244400 | Kraton | 0.03 | 005 | 000 | 014 [ 015 | 0.00 _ 
[so | 2250+00| Kraton | 0.02 [| 012 [000 | o10 | 012 | 0.00 | 
51 | 2254400 Kraton | 005 | 010 [000 | 008 | 010 | 0.00 | 
0.03 fo00 | ots [015 | 0.00 _| 
fF o00 | 018 7 020 | 0.01 | 
fo00 ff o12 | 013 | 0.01 
F000 | 048 [050 | 0.05 | 
|o.00 | a0 | 0.09 | 0.00 _| 


[| Average | Maximum] Minimum _| [Maximum | 
Poypit | 012 | 015 | 0.40 | Polybit | 013 | 0.20 | 0.09 | 
Kraton | 012 | 015 | 0.08 | Kraton | 013 | 015 | 009 | 
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of the binder used, are also presented in Table 5. The relative 
differences of the average, minimum, and maximum rut depths on 
left and right wheel paths of the east bound lane of both 
modified sections and control section are shown in Figure 5 for 
driving lanes and 6 for passing lanes. 

The rut depths on the east bound driving lanes of the 
control section are also about 3 times those on the Polybilt and 
Kraton modified sections. The rut depths on the pavement surface 
of the east bound lane of the control section are almost equal to 
those on the pre-construction pavement surface. The differences 
in rut depths on the passing lanes of both Polybilt and Kraton 
modified and control sections are small. 

Transverse Pavement Profile 

The profilograph records illustrate the actual profile of 
| the pavement surface with reference to the straight profilograph 
beam. The output of the profilograph was reproduced by taking the 
coordinates of the profile at an interval of 3.6 inches on an 
arbitrarily chosen datum line. The coordinate system for the 
profiles of the driving and passing lanes of both west and east 
bound lanes were obtained. 

The results of the differential leveling survey gave the 
elevation of the profilograph base positions and the steel pins 
at both ends of the pavement. The coordinates of the slope of the 
profilograph were derived from the elevation. From these 
coordinates of the profile and the profilograph elevation, the 


actual profiles of the first annual pavement were obtained. 
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First Annual Post-construction Ruts 
East Bound Driving Lane 
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Figure 5. First Annual Post-construction Rut Depths on Left and Right Wheel Paths of 
East Bound Driving Lane of Polybilt Modified, Control, and Kraton Modified Sections. 
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Figure 6. First Annual Post-construction Rut Depths on Left and Right Wheel Paths of 
East Bound Passing Lane of Polybilt Modified, Control, and Kraton Modified Sections. 
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The coordinates of these profiles are shown in Appendix B, 
Tables 1WD through 13WD for west bound driving lane and 1WP 
through 13WP for west bound passing lane. Similarly, the 
coordinates of the first annual pavement profiles of the east- 
bound driving and passing lanes are shown in Tables 1ED through 
13ED and 1EP through 13EP, respectively, in Appendix C. 

The data of the coordinate system of the post-construction 
pavement profile was obtained from the "Construction and Post- 
construction Report, November 1991". The first annual post- 
construction and post-construction pavement profiles were plotted 
for the purpose of comparison of the pavement profiles after a 
ae of traffic and just after construction. The plot of the 
first annual post-construction profiles overlapped the profiles 
of post-construction profiles. The changes in the profiles on the 
wheel paths of the pavement illustrated the effect of traffic on 
the pavement over a year. Some plots had to be adjusted by 
changing the datum line of the coordinates to make them fall over 
the 1991 post-construction pavement profiles. The plot gave the 
clear picture of the changing pattern of the pavement profiles 
over a year of traffic. There was no rutting on the passing lanes 
of both Polybilt and Kraton modified asphalt and control 
sections, except for wheel path indentation over the pavement 
surface. The wheel path ruts in the driving lane were more 
prominent in the plots of both Polybilt and Kraton modified and 
control sections. The changes of the pavement surfaces due to 


rutting in the wheel paths of the control section are more severe 
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than those of the polymer modified section. Typical first annual 
and post-construction transverse pavement profiles of the west 
bound lane for the Polybilt modified section are shown in Figure 
7 for driving lane and Figure 8 for passing lane. Typical first 
annual and post-construction transverse pavement profiles of the 
control section are shown in Figure 9 for driving lane and 10 for 
passing lane. Similar profiles of Kraton modification section are 
shown in Figure 11 for driving and 12 for passing lanes. 

The plots of profiles by the MSU station number, highway 
station number, and Polybilt or Kraton modified or control 
section of the first annual and post-construction pavement on the 
west-bound lanes are shown in Appendix D for driving lanes and in 
Appendix E for Passing lanes. Similarly, the pavement profiles by 
MSU station number, highway station number, and Polybilt/Kraton 
modified or control section of the first annual and post- 
construction pavement on the east-bound lanes are shown in 
Appendix F for the driving lanes and in Appendix G for the 
passing lanes. 

The pavement profiles of the control section were already 
distorted because of the excessive rutting. The transverse slope 
of the pavement was no longer in the original intended shape. 
This would affect the stability of the traffic and reduce the 
performance of the pavement. The distortion of the driving lanes 


was more extensive compared to that of the passing lanes. 
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Post-construction & 1st Annual Profiles 
MSU St. 34, 2164+00, Polybilt, EBD Lane 
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Elevation of Pavement Surface on inch 


0.0 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.0 9.6 10.8 12.0 12.9 
Pavement Width from Center Line in ft. 


Figure 7. Typical First Annual and Post-construction Pavement Profiles of East Bound 
Driving Lane on the Polybilt Modified Section. 
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Post-construction & 1st Annual Profiles 
MSU St. 34, 2164+00, Polybilt, EBP Lane 
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Figure 8. Typical First Annual and Post-construction Pavement Profiles of East Bound 


Passing Lane of the Polybilt Modified Section. 
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Elevation of Pavement Surface in inch 
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Post-construction & 1st Annual Profiles 
MSU St. 41, 2196+00, Control, EBD Lane 


Elevation of Pavement Surface on inch 
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Pavement Width from Center Line in ft. 


Figure 9. Typical First Annual and Post-construction Pavement Profiles of East Bound 
Driving Lane of the Control Section. 
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Post-construction & 1st Annual Profiles 
MSU St. 41, 2196+00, Control, EBP Lane 
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Figure 10. Typical First Annual and Post-construction Pavement Profiles of East Bound 


Passing Lane of the Control Section. 
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Post-construction & 1st Annual Profiles 
MSU St. 47, 2232+00, Kraton, EBD Lane 


Elevation of Pavement Surface on inch 


0.0 ae 2.4 3.6 4.8 6.0 7.2 8.4 9.0 9.6 10.8 12.0 12.9 
Pavement Width from Center Line in ft. 


Figure 11. Typical First Annual and Post-construction Pavement Profiles of East Bound 
Driving Lane of the Kraton Modified Section. 
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Post-construction & 1st Annual Profiles 
MSU St. 47, 2232+00, Kraton, EBP Lane 


Elevation of Pavement Surface in inch 
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Figure 12. Typical First Annual and Post-construction Pavement Profiles of the East 
Bound Passing Lane of the Kraton Modified Section. 
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DISCUSSION 

The design of the field experimental test section was based 
on Marshall method of mix design with a compactive effort of 50 
blows. The design specifications of asphalt binder were 5.6% for 
Polybilt modified asphalt, 6% for Kraton modified asphalt, and 
5.9% for Exxon in the control section; but, the actual average 
asphalt contents in the field experimental test section were 
5.5%, 5.63%, and 5.76 respectively. The Marshall stability and 
density values of the specimens prepared with PMBS exceeded the 
design value in all sections. The percent air voids of the 
Marshall specimens prepared with PMBS were low in all modified 
and unmodified asphalt sections. The average percent air voids of 
the specimens were 2.77, 3.34, and 2.9 percent compared to the 
‘design values of 3.5, 3.5, and 3.3 for Polybilt and Kraton 
modified and control sections. (6) 

The asphalt mixtures must be placed with a void content 
significantly above 3 percent (usually 5-7%) using reasonably 
high compactive effort to insure that the voids in the mix stay 
above 3 percent during traffic. The percent air voids of the 
cores taken after the construction of the field experimental test 
section were 3.48, 4.15, and 3.25 percent for the Polybilt, 
Kraton and control sections. These values are close to the 
designed values of the respective asphalt binder sections. 
However, these values were expected to be achieved only after a 
few years of traffic. This shows that the percent air voids of 


the experimental test section were low in both modified and 
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control sections. This could cause the premature failure of the 
pavement due to rutting for the reason stated above. 

The polished aggregate observed in the first annual pavement 
distress study indicated likelihood of a large percentage of 
rounded coarse aggregate in the mix. 

CONCLUSION 

The ruts in both modified asphalt binder sections, Polybilt 
and Kraton were about 1/3 that in the control section with 
regular unmodified binder. 

The field experimental test pavement was constructed based 
on a design compactive effort of 50 blows of the Marshall hammer. 
The air void contents of PMBS were low. The PMBS might contain a 
large percent of rounded coarse aggregate. The combination of low 
air voids and rounded aggregate is the perfect recipe for 
premature rutting. The control section and the overall project 
paved with conventional mix using regular asphalt, were rutted 
almost to the that of the pre-construction level. However, in 
spite of such construction practices, the ruts in the modified 
asphalt sections were significantly low. This can only be 
attributed to the properties of modified asphalt binders, both 
Polybilt and Kraton. 

Isolated spots of distresses such as weathering and raveling 
and polished aggregate started to appear in the modified test 
sections in the first year of traffic. These might be the result 
of the rounded coarse aggregate. These distresses may spread over 


a large area with time, and/or the severity level of these 
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distresses may increase over time. This could indicate that the 
modified asphalt is susceptible to stripping of rounded 
aggregate. 

The Rainhart transverse profilograph is easy to use and 
produces a permanent record of the transverse surface profile. 
The profiles of the pavement surface produced at a station are 
consistent over time. Analysis of the profile data does require 
some tedious breakdown by hand methods. 

The field experimental test sections will be monitored again 
in August 1993. Subsequent interim progress reports and a final 
report will document and evaluate the performance of the Kraton 


and Polybilt modified asphalts. 
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Photo A. Polished Aggregate in the Polybilt Modified Section 
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Photo B. Bleeding Spots in the Polybilt Modified Section 
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Photo C. Raveling in the Polybilt Modified Section 
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Photo D. Bleeding on the Wheel Paths of the Control Section 
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Photo E. Wheel Path Ruts in the Control Section 
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Photo F. Polished Aggregate in the Control Section 
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Photo G. Bleeding Spots in the Kraton Modified Section 
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Photo H. Polished Aggregate in the Kraton Modified Section 
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Photo I. Raveling in the Kraton Modified Section 
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Photo J. Raveling due to Clay Ball in the Kraton Modified Section 
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Appendix A 


-Procedure for Conducting Annual Pavement Surface Monitoring 
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Annual Pavement Surface Monitoring 


This report provides a _ procedure for monitoring the 
experimental test section, project IR94-5(25)185. Montana State 
University (MSU) investigated six different types of commercial 
asphalt modifiers to combat the rutting problems of highways in 
Montana. Montana Department of Transportation (MDT) decided to 
implement an experimental test section using two polymer modifiers, 
Kraton and Polybilt, based on the result of the investigation. MDT 
awarded a contract to MSU to monitor the performance of the 
experimental test project from the time of its conception to five 
years in service. According to ait: contract, MSU will carry out a 
detailed investigation of the pavement surface annually, (in 
August) and semi-annually every winter, (in February). 

| The experimental modified asphalt test section is located on 
the I-94 Interstate Highway bereecntte post 188 to 190.6 east of 
Miles City near Fallon. The test section includes both east and 
west bound lanes of the I-94 Interstate Highway. This report 
contains the following sections to describe the equipment and 
methods necessary to perform the annual survey: 

List of materials and tools 

Location of station pins 

Traffic control 

Profilograph setting and recording 

Pavement distress study 

Leveling survey 

Expenses 


Presentation of Data 


atege ené6srion 


entvodinoM essetuwe tneaevsd leunnd 


oniuotinom sok siuhssomq & zebivotq 710gqe7 


esr (°Sj)e-benl sos(erq moitsse sees fT 


avi jneusttib xie hetenpitesval (UeM) roe 


ioxvenmos 10 #24 


ameidoxa pnistut elt Jedmod of axsitibom @ 


ye : _ “ 
J iJt2 >. tS \ 


eal rolltssxogenstT To tnemtisqsd sastaom 


7 . 


OM + FBD0LISaV ila 


» a 
svel eft to tiuaet eft me beasd ,3lidyfod bas 
ro 


id 3c scenietzeqg eft rzotinem oF UEM oF yoantsaes 5B " 


efg mot? toseto1zq tases 182 omits 
' 


» {irw VaM ,tosatnes sit of pribaooo4 .solivies ab 


is fn jPaVNOoO SwL oO onmiZ 


soetsue gnemeveag eft to, nolsspiteevas 


auyasi ai) ,wIAtw yisvs yileunns-ides bis ¢ 
; _ 
io hesaool - anitone toast tisdaes beltibom {[stnoemiteqe ae 
sg0 3.0@5 ot B8L teog alin neswied yewdpii atsta19ssat 


» 


f4o4 sebufoni acttoce tact oT .nolisi teen Yau 


a 6.4 
ae ee Pa 


diogex said vewipth etsteieinl 8@-1 srs to sensi Ont 


bos ¢neaqiups edt sdiiusesb oF anolsoen pitwolfot sf 


i = 

‘vevive Isurins eft mxotteq oF yis22909n & 
aioot bas elsixetsam to 3eR 

aniqg noiteta te nol 20 


fortnoo of tte 
pnibyess: bos palstsee rqs1zpolizom 
vhuta aesittalb Ines 


yoviwe prilt 


sts to noite 


List of Materials and Tools 

Following materials and tools are required to conduct the 
profilograph study 
To Locate Stations and Pins 

1. Metal detector (preferably 2) 

2. Fluorescent orange marking spray paint (8 cans) 

3. Fluorescent orange or pink ribbons 

4. Location charts of stations on both lanes Table 1 and 2. 

o Bovell and pick 


6. Hammer 


1. Fluorescent orange vests 

2. 2 Survey party signs with 35 mph posting 

3. Protective clothing (according to the season) 
Trattic Control 

1. 2 Survey Party signs with 35 mph posting 

2. 2 ’Flagger’ signs, if available 

3. 2 Stop/Slow flagger paddle, if available 

4. 60 to 65 channelizing devices 

5. Pickup truck with high visibility flasher 
Profilograph 

1. Profilograph (stored at MDT, Glendive) 

2. 8 1/2x14 graph papers for each station (10 sq/in) 

3. 3 Fine point felt pens 

4% Cea ar with among device (Provided by MDT) 

5. Hammer and nails (3 inch long) 


6. Twine for string line 
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7. Fluorescent orange marking spray paint (1 can) 

8. Envelopes for data sheets 

9. Measuring tapes 100 ft. long 

10. 2 straight rods (36 inch long for sighting) 

11. Thermometer 
Pavement Distress Study 

1. Camera with close up capability 

2. Film 4 to 5 roles @ 36 frames each 

3. Identification cards (presnade for each station) 

4. Distress identification manual-SHRP-LTPP/FR 90-001 

5. Marker pen 

6. Clip board 
Leveling Survey 

Le Level with tripod stand 

2. Leveling rod (Philadelphia type) 

3. 2 ‘Survey party’ signs with 35 mph posting 

4. 2 Stop/slow flagger paddles 

5. Field book 

6. Pencils 

7. Thermometer 

Location of Stations and Pins 

The identification of the stations is marked by both MSU 
station number and the highway station between mile post 188 and 
190.6. The MSU stations are randomly picked highway stations. The 
MSU stations 1 to 26 are located on west bound lane and 27 to 52 
are on the east bound lane of I-94 Interstate Highway. The 


locations of the MSU stations and highway stations are shown in 
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Tables A and B. The location of steel pins are shown by distance 
measured from the center line of the pavement. 

The MSU stations are marked on the steel pin by the right-of- 
way fence. The stations can be located by the marking on the steel 
pins by the right-of-way fence, the ribbon on the fence, and the 
highway stations marked on the center of meridian. Once a station 
is located, approximate location of the next station can be found 
by counting steps to measure the length to the next station. The 
exact location of the steel pins on both side of Ene pavement are 
found by use of the metal detector. The steel pins are 
approximately 4 to 5 feet from the edge of the pavement. The 
location of MSU stations on the east bound lane are on the same 
highway stations as those on the west bound lane. Once a station in 
the west bound lane is located, the corresponding station on the 
east bound lane can also be located. 

Traffic Control 

The traffic control plan as recommended by MDT, (Glendive) is 
shown in Figure A. The "Survey Party" signs with 35 mph posting are 
placed about 1000 to 1500 ft. from the work station. The "Flagger" 
sign should be placed between the "Survey Party" sign and work 
station if used, depending on the availability of the signs. The 
channelizing devices are placed on the lane throughout the 
experimental test section to divert the traffic from the lane. The 
stop/slow flagger paddle is used to Slowmetbea~tratiicy.as it 
approaches the profilograph location and is highly recommended to 
ensure safety. After completing the work on one lane, the next lane 


is blocked by shifting the channelizing devices at the beginning of 
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Glendive Experimental Test Section, 1991 


Table A. Lay Out of MSU Stations for Transverse Profile Measurement Using Reinhart Profilograph, 
Location of Pins and Distance between Them on the West Bound Interstate Highway I-94 


> <------C-- o> 0 <-----)-----> 
X X X 


Driving Pavement Passing Right Median 
Lane Center Line Lane Pin Center Line 


Distance Between: 
Rebar & |Left Pin and |Ct. Line &|Rt. Pin & |Lt. Pin &|Remark 
Left Pin |Center Line |Right Pin |Med. Ct. | Right 

(ft.) Line (ft.) | Pin (ft.) 


Highway 
Station 


(A B (0) 

| 1 | 2260400] 51.54] 2848] 21.68[ 30.04] 50.16 [51.72 (C+D) 
| 2 | 2254400] 5274] 27.89] 21.02] 34.23 48.91 | 
| 3 | 2250+00| 6263] 27.72 21.17] 29.32 | 48.89 |59.28 (Lt. Pin to Corner Post) 
| 4 | 2244400] 70.81] 27.92] 21.29] 29.06] 49.21 | 

[5 | 2238+00| 81.18] — 27.71| 20.79[ 29.73 48.50 | 
| 6 | 2232400] 80.74] 27.76] 21.53[ 29.55] 49.29 | 
| 8 | 2220+00| 80.82] 27.45] 21.20] 30.55] 48.65 | 
| 9 | 2214400] 79.92] 27.91] 2142] 27.34] 49.33 | 
| 10 | 2208+00| 6837] —-30.45| 21.95] 26.08 | 52.40 | Nailin paved median drainage 
}12 [| 2196+00| 66.70] 31.05] 2221] 27.45] 53.26 | 
Guard rail face* 
14 | :2188+00} NA | 25.18] 21.65] 19.35 | 46.83 |Nail in median, guard rail face* 
Nail in median, guard rail face* 
Nail in paved median drainage 
[| 17__'| 2176+00] 6850] 31.46] 21.30] 25.81] 52.76 |Nail in paved median drainage 
20 | 2160+00| 85.58] —27.83| 22.22] 29.67] 50.05 |40.00 (1st & 2nd Rebar Distance) ** 
p21 | 2154400] 71.00] 28.13] 24.16] 29.55] 52.29 |50.94 (1st & 2nd Rebar Distance)** 
54.87 (1st & 2nd Rebar Distance)** 
Nail in paved median drainage 
61.88 (1st & 2nd Rebar Distance)** 
44.33 (1st & 2nd Rebar Distance) ** 
39,85 (1st & 2nd Rebar Distance)** 


* Guard rail posts will be raised, therefore distances may be altered slightly. 


** 1st rebar set at top of cut, 2nd rebar at right of way fence. 


Glendive Experimental Test Section, 1991 


Table B. Lay Out of MSU Stations for Transverse Profile Measurement Using Reinhart Profilograph, 
Location of Pins and Distance between Them on the East Bound Interstate Highway 1-94 


Passing Pavement Driving Right 
Lane Ct. Line Lane Pin 


Distance Between: 


(ft.) 

( ) D)__|(B+C) 
| 28 | 2134+00| 27.87| 22.64 | 23.68] NA | 46.32 | 
| 30 | 2t44.00| 26.48] 21.91 | 27.33 | 100.01 | 49.24 | 
| 
| 83 |2160+00] 26.33 | 22.02 | 29.48 | 68.83 | 51.50 | 
| 87 | 2180+00] 29.04 | 24.54 | 30.11 | 67.22 | 54.65 | 
| 40 [2192+00] 26.16 | 24.21 | 28.21 | NA | 52.42 | 
[44 | 2214400] 27.24 | 23.88 | 29.12 | 69.62 | 53.00 | 
[45 | 2220+00] 24.13 | 24.12] 30.35 | 67.93 | 54.47 | 
| 46 | 2226+00 
1.47 (| 2232+00| 26.02 | 21.98 | 29.46 | 66.83 | 51.44 | 
| 48 | 2238+00| 26.55 | 2282] 27.64 70.21 | 50.46 | 
| 49 | 2244400] 26.43 | 23.41 | 28.13 | 70.14 | 51.54 | 
| 50 | 2250+00| 27.28 | 22.10| 27.55 | 70.42 | 49.65 | 
53.40 


* 1st rebar set at top of cut, 2nd rebar at right of way fence. 


40.06 (1st & 2nd Rebar Distance 
Guard rail face** 

Guard rail face** 

Nail in paved median drainage 
Nail in paved median drainage 
Nail in paved median drainage 


Guard rail face** 
Guard rail face** 
Guard rail face** 
Guard rail face** 
Guard rail face** 
Nail in paved median drainage 
Nail in paved median drainage 


** Guard rail posts will be raised, therefore distances may be altered slightly. 
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Figure A. Traffic Control Plan 


the lane. Adequate channelizing devices should be available to 


close the entire length of lane throughout the experimental test 


section. 
Profilograph Setting and Recording 


Transportation 
The profilograph crate should be secured. tightly on the 


trailer by use of a clamping device on the trailer and rubber tie- 
downs strapped over the crate for the safety during transportation 
to and from the project site. The V-notched 2"x4" wooden blocks 
(located inside the crate) are nailed down on the trailer so that 
the profilograph can be loaded and unloaded easily during the 
transportation between the stations, rather than lifting the 
profilograph in and out of its crate at each station. 
Setting the Profilograph 

The string line is run between the steel pins on each side of 
the pavement. The center line of the pavement is marked by 
measuring the distance of the center line from one of the steel 
pins along the string line as shown in Tables A and B. Spray paint 
is used to mark the center line of the pavement. The profilograph 
is placed across the closed lane, such that the tracing wheel is 
set above the mark on the center point. The drum is set on the 
profilograph according to the sketch on the drum holder as 
described on the instruction booklet. A graph paper marked with the 
corresponding MSU station, highway station, east or west bound, 
driving or passing lane, and date is placed on the drum of the 
profilograph. The felt pen is placed on the pen holder and the drum 


is set such that the pen point is at the beginning of the paper. 
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The drum is then pushed along the profilograph beam slowly and the 
pavement profile is marked on the graph paper on the drum. The drum 
is reversed whenever the pen skips during the drawing of profile. 
The drum is then moved back to the original position after shifting 
the felt pen up or down by about an inch on the graph paper. Two 
identical profiles are drawn for each station. The center line 
(line marking the edge of the driving lane or passing lane) of the 
evonerit is marked on the profile and the profilograph records are 
placed safely in an envelope. The other end of the profilograph is 
marked by spraying the spray paint at the base of the profilograph 
base for leveling purposes. | 


Pavement Distress Study 


The distress identification manual for the long term pavement 
performance studies, SHRP-LTPP/FR-90-001 is used to identify the 
distress of the pavement in the test section. The location, type of 
distress, and severity level of the distress are recorded on 
identification cards and photographed. The type of distress may be 
recorded on the field book. The distress within 100 ft. up and down 
in the vicinity of the station are taken as the distress at the 
station. Some distresses are scattered over the station and others 
are in isolated spots. 


Leveling Survey 


The elevation of pavement is peeained from the differential 
leveling. The survey party sign with 35 mph posting are set at the 
beginning of the west and east bound lanes of the experimental test 
section. The level is then set away from the station where the 


level shot is taken. The level rod is set at the steel pins on both 
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sides of the pavement, the center line of the pavement, and the 
marked profilograph positions on both passing and driving lanes of 
both east and west bound lanes. The reading at each position is 
then recorded in the field book for the corresponding station. 
Expenses 

Following expenses were recorded for the first annual 
monitoring of the experimental test section. 

1. Equipment Rental 

2. Materials 

3. Per diem and Wages 


5. Data Processing and Reporting 


Equipment rental 


Metal detector $ 30.00 per day for a week. 

Vehicle $ 605.00 

Total $9635.00 
Materials 

Orange jackets S2o700 

Road marker spray paints Sx20-00 

Rolls of film $ 14.00 

Graph paper SP13.00 

Film processing $ 115.00 

Miscellaneous $ 100.00 

Total S 292400 
Per diem and Wages 

For total 27 man days $ 1120.00 

For total 285 man hours Sea426..16 


| Data Processing and Reporting 


For total 32 man hours S$ 280.00 

For total 90 man hours S$ 1200.00 

Grand total S$ 6953.18 
Over head (20%) $ 1390.63 


Total Cost S$} 8843-81 
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Presentation of Data 


Profile Coordinates and Plot 


The coordinates of the profile are established by drawing an 
arbitrary horizontal line with the center line end of the profile 
of pavement as origin. The horizontal line (X-axis) is marked at 
every 3 divisions (3.6" on the scale of 10 division to a foot) 
starting 0 origin at the center line. After marking throughout the 
length of the profile (44 marks to 154.8" or 12.9’), the vertical 
division are counted corresponding to each of the horizontal 
division. The vertical division reads 1/10 of an inch for each 
division in the scale of 1:1. The reading are tabulated for each 
station and each lane. The Quattro Pro spread sheet program is used 
to record the data. The point counted on the horizontal axis, 
pavement width, and profile coordinates (vertical axis) are 
recorded in the first three column of the table as shown in 
Appendix B. 

The elevation of the profile at each station is derived from 
the differential leveling record in the field book. Since the 
center line of the pavement is taken as the origin, the 
differential leveling record at center line is subtracted from the 
reading at the base of the profilograph and the steel pins between 
the pavement. The resulting values are the elevation of the 
profilograph base and steel pins with respect to the center line of 
the pavement. This is repeated for each lane at every station. The 
elevation value in inch is then divided between 44 points for the 
straight profilograph. This gives the elevation profilograph, 


column 4 in the tables in Appendix B. The vertical reading of the 
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profile coordinates at each point (column 3) is added to the 
profilograph elevation (column 4) readings resulting in the 
coordinates of the pavement profile (column 5). The process is 
repeated for each station. This is a simple exercise in the Quattro 
Pro spread sheet, but it is a time consuming repetitious process. 

The graphic plots of the profiles are obtained by plotting the 
coordinates (column 5) as Y-axis and column 2 converted in feet as 
X-axis. The plots as shown in Appendix D-G are thus obtained. The 
graphic plot is obtained by the graphic mode of the Quattro Pro 
spread sheet program. Once in the graphic mode, the text for each 
station is typed and the corresponding X and Y axis values are 
selected. The corresponding plot is printed. 

The post-construction profile data are obtained from the post 
construction report (6). These data for corresponding station and 
lane are selected as the second series values in the graphic mode. 
The two curves are obtained and plotted overlapping each other for 


the purpose of comparison of the changes in pavement profiles. In 


| some cases, the datum of a curve needs to be changed to make the 


/curves overlap over other. This process is very time consuming. In 


the future, this step of comparing the pavement profiles for each 
and every lane and station may not be feasible. Only a few typical 


profiles may be chosen for the purpose of comparison. 


| Rut Depths 


The rut depths are measured from the profiles obtained from 


| the profilograph. A straight line is drawn between the two peaks of 


a wheel path. The maximum depth reading is recorded as the rut 


depth of the wheel path. 
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Appendix B 


-Tables 1WD to 13WD - Coordinate System of First Annual Post- 
construction Pavement Profiles of West Bound Driving Lane 


-Tables 1WP to 13WP - Coordinate System of First Annual Post- 
construction Pavement Profiles of West Bound Passing Lane 
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Glendive Experimental Test Section, 1992 
Table 1WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2260+00, MSU St. 1 2254+00, MSU St. 2 


[Point] Pavement] Profilograph | Profilograph 
|_| Width 0) | Coordinates | “Level (in) 
0. f 


jae | 640 fl” 0. 

fiz | 576 | 025 | 0491 | 0.241 
jie | 612 | 026 | 0522 | 0.262 | 
p19 | 648 | 020 | 0553 | 0263 | 
| 20 | 684 {| 030 | 0583 | 0.283 | 
|21 | 720 | os2 | 0614 | -0.204 | 
p22 | 756 | 032 | 0645 | -0.325 | 
p23 { 792 | 033 | 0.675 | 0.345 
24 {e268 | 032 | 0.706 | 0.386 | 
| 25 | 864 | 032 | -0737_ | 0.417 | 
| 26 { 900 | 031 | 0.767 (| -0.457_| 
ja7 | 936 | 024 | 0798 | -0.558 | 
| 26 {972 | 022 | 0.829 |  -0.609 

| 29 { 1008 | 021 | -0860 | 0.650 _| 
|} 30 | 1044 | 022 | 0.890 |  -0.670__| 
[31 | 1080 | o23  [ -os21 | -o.6901_ | 


756 | 0.31 | -0.703 
| 23] 792 | 033 | 0.737 [0.407 
| 24} e268 | 033) | 0.770 | 0.440 
25 | 864 | 032 | 0804 | 0.484 
26 | 900 | 027 | 0837 | -0.567 


-0.674 

-0.698 

-0.751 

-0.795 

-0.808 

-0.842 

| -1.105_ | -0.865 

| -1.139 | -0.859 

[36 | 1260 | 033 | 4.172 | -0.842 
-0.896 
38 | 1332 | 027 | -1.239 |  -0.969 
: “1.013 


: | 1.306 | _-1.076 
0.22 


-1.233 
-1.397 


Table 2WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2250+00, MSU St. 3 2244+00, MSU St. 4 
Point] Pavement] Profilograph | Profilograph | Pavement | Tofilograph | Proflograph. 
|_| _ Width 0X) | Coordinates 
meee eo | 0.00 | 0000 | 0.000 | 
eepeese. | 0.07 | 0.038 | 0.032 | 
momteere | - 012 | 0075 | 0.045 | 
mamieioe | o415 | o113 | oom | 
| 0.151 | 0.011 
| 0.188 | 0.088 


: | 
_ 
—_ 
ul 
oO 
_ 
, 


| 9 | 268 | ott oss | o2en 
| 10 | 324 | 014 | 0373 | 0.233 _| 
p41] 960 | 017 | oata | 0.244 


Glendive Experimental Test Section, 1992 
| 


O14 p12] 306 | o21 | 0456 | 0246 | 
| -0.452__ | 13} 492 | 023 | -0497__ | 0.267 _| 
p14 {468 | 026 | -0539 -|  -0.279 | 
| 50.4 | 
| 0.565 | 54.0 | 
| 0.603 | -0.283 
| 70.640 | -0.290 | 
-0.678 
0.716 | 0.346 
| -0.383__ | 


| 756 | 0.50 | -0.870 -0.370 
2 | 052 | 0.911 | 0.391 


-0.994 


-1.036 

P20 [| 1008 | 026 
rao | 1044 | 025 | 
rar [108.0 | 025 | 1.100 | 
Pse| 116 | 02s | a.te8_| 
ras 1152 | 025 | 1.206 | 
7 LY 
Pas [1224 | 027 | a2e1_| 1. 
ras | 1260 | 026 | 1.319] 1.059 
rar | 1296 | 024 | 1.356 | a.116 
Psa] 1332 | 025 | 1.904 | saa] [oe | 1902 | 041 | 1.503 | 1.120 
rsa [19668 | 025 | 1432 | 162] | 30 | 1968 | 039 | 1574 | 1.1084 
P40 | 1404 | 024 | 1469 | 1.200] | 40 | 1404 | 039 | 1.616 | 1.206 
rat [1440 [024 | -1.507_| 1.267] [a1 | 1440 | 026 | 1.657 

| P1549] 

0.000 
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Glendive Experimental Test Section, 1992 


Table 3WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2238+00, MSU St. 5 2232+00, MSU St. 6 
Point 
= Width 0) |__| Width (X) | Coordinates 
pi} 00 | 000 | 0000 | 0000 if oo | ooo [ 0000 [ 0.000 | 
p 2] 36 | 004 | 0030 | oo10 ff 2] 36 | 003 | 0032 | 0.002 | 
LS} 72 | oo7 | 0060 | oo10 ff 3 { 72 [ 006 [ -0064 [ -0.004 | 
14 | 108 | 009 | 0090 | 0. 14 | 108 {| 007 | 0.096 | -0.026 | 
eRe feedAd.| 0.09. |__.-0.120___ | 5 | 144 | 009 | 0.128 | 0.038 
| ~-6.-| J --~ 0.10] 0.130, | 6 | 180 | 008 | -0160 |  -0.080 | 
| 0.09 | 0.180 P7 | 216 | 009 | 0.193 | 0.103 
| 0.06 | 0.210 Bf 25.2 | 011 | 0.225 | 0.115 | 
jm 0.12 | -- -0.240- | 9 | 28.8 
90 fe BO men OA Tne |r O.289 prs fo -O. 19 
ee 
| 12] 396 | 023 | 0353 | 0.123 | 
p13 | 432) | 025 | 0.385 | -0.135_| 
ee 
pis | 504 | 033 | 0.420 |  -0.090_| 50.4 | 0.94 | 0.449 | 0.109 
pie | 540 | 0396 | 0450 | 0.090 | | i6 | 540 | 038 | -0.481 | 0.101 | 
Perea OTe] wr 0.97 | ~-0.480 4] wc -0.110-- | 
fis { 612 | 045 | 0546 | 0.096 | 
p19 | 648 | 048 | 0578 | 0.098 | 
| 20 | 684 | 050 | 0610 | 0.110 | 
[21 | 720 | 0st | 0642 | 0.132 | 


| 29 | 

| 30_| . 

| 31 | 108. 

|} s2{ 1116 | 0. 

)33 {1152 | 049 | 0.960 | 0.470 |} || 33 | 115.2 : 

[34 | 1188 | 052 | 0.990 | 0.470 | | 34 | 118.8 | -1.059 | 0.509 

35 | 1224 | 0s2 | 1.020 | 0.500 | | 35 | 1224 |  os7 | -1.001 | -0.521__ | 

[36 | 1260 | 052 | -1.050 | 0530 | || 36 | 1260 | 057 | 1.123 | 0.553. 

[37 | 1296 | 055 | 1.080 | 0.530 | 37 | 1206 | 058 | 1.155 | 0.575 

|} 38 {| 1332 | 052 | 1.110 | -0500 |} | 38 | 1332 | 059 | 1.187 | 0.597 __ 

| 39 | 1366 | 051 | 1.140 | 0.630 |} | 39 | 1368 | 063 | 1.220 | -0.590 

[40 | 1404 | 050 | 1.170 | 0670 | 40 | 1404 | 055 | 1.252 | 0.702 

p41 | 1440 | 044 | -1.200 | 0760 1 41 | 1440 | 046 | -1.284 | 0.824 

| 42 | : | 42 | 1476 | 0.90 | -1.316 | 1.016 
joneminteneat 144] 1548 [| 0.06 | _-1.380_| -1.320_| 
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Glendive Experimental Test Section, 1992 


Table 4WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2226+00,MSUSt7 2220+00, MSU St. 8 
Point | Pavement] Profilograph | Profilograph Profilograph | Profilograph| Pavement_| 
|__| Width (X) | Coordinates | Level (in)_| Elevation(Y) |} || | Width 0) | Coordinates | Level (in)_| Elevation(¥) | 


_ 
ba | 
SIN N 1 | @ 
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Glendive Experimental Test Section, 1992 


Table 5WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2214+00, MSU St. 9 


— 


| 23 | 
| 24 | 
| 25 | 
| 26 | 
| 28 | 
| 29 | 
| 30 _| 
| 32. | 
33 | 
34 
35 _| 
| 36 | 


—_ 


Pavement] Profilograph 


2208+00, MSU St. 10 


Point] Pavement] Profilograph | Profilograph | Pavement _] 
|_| -Width 0X) 
ri 00 | OOo — -Gom fh 0.00 | 
ra so | O05 0 00m foo | 
Po vee ik. Gey 0.0, )F -0.00) | 
;& i ioe |t (oo Fone f -0.05 | 
re lt 144 || ooo. — ore t | -0.0a | 
6) [f t80) [| O10 © 7p -Q23 7 fio 0.06 
rol 20 | Oi 3) -O2m f° “O16 | 
rs 23m | Oley fF Ose 220 || 
ro 26 | oi fF ose | om | 
sed ff O20 | 04 | oz | 
F360: ft O20 |) OA®  E -O25 | 
rT s@ | Oh [| -Oom —— Oe | 
[4am |) Ooo | Oboe p O25 | 
aaa 
50.4 Pp 064 | 0.26 
it 540) | | 069 | 0.20 
ee er 
| 0.30 
fF 6sar [| OS “fF O84 tam | 
F2u | 720 [| OSh [fr O04 [04m | 
(ay me [ff “Osa Oey of -o4e 
aa; waa | O55: pou. | 04a | 
p24 [e28 | 055 | -106 | -051_ | 
i ee el ae a 
126; | 90.0; | OSH | iby ff 06h 
hep) S36; || G50 |b =e) 070 | 
Poel 72) | O5% | tae | O73 | 
Foor 00g || Osh | hem ff O78 | 
Enc a es eee ae 
a ee a a a 
eC a a ae ee a 
33. |) 115.2; |, O58 if 4m | -O.88. 
faa] ies | o60 | 152 | 092 | 
ros: |) i2ear |e, Oe ff eA Se: | 
P36; || 1260) [fp O60) fF -hem [F -hOt | 
ra7 | 1296 | 061 | 1.66 | 1.05 | 
ER ee ee a 
P39] i368 [059 [175 | 116 | 
| 40] 1404 | 050 | -180 | -1.30 | 
P41 | 1440 [| 036 | -184 | -148 | 
rae ll idee i G2 hea hess | 
43, |) 181.2 | 000 fF 498 fr a4 | 
44] 1548 | 000 | -1.98 | _-1.98 
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Glendive Experimental Test Section, 1992 


Table 6WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2200+00, MSU St. 11 


een) | LC ae | 
a | co O02 all 
ae | 
L168. 
ult 44 
eee... | 0.26 
bese 6. 
-0.38 
-0.41 


. 


2196+00, MSU St. 12 


Point] Pavement] Profilograph | Proflograph | Pavement _ 
[Wich 00 [ Coordinates | Level (in)_| Elevation(Y) | 
Tatoo | 000 | 000 | 000 | 
ei) 338i] ,o ba £008 ala toor_ a7 
rs} 72 | 020 | 006 | o14 
a4] 082) fossa gleuoI | 
Ts [aa ome | 013 | 000 | 
Sei. 100 | Sod7 7] ioe gi) 2001. | 
iil] a2 Al... 0p moomoo al .20.14.9) 
Ve foes2 | 003 | 022 | 025 | 
ret ess | 000 | 026 | 026 
OC 
rir} 360 | 008 | ose] 024 
etosss [010 | 005 | 025 _| 
ris [432 | 018 | oso | -o21__| 
ria [aes | ose | 042 | 0.10 _| 
son 1|20e5. su seoms 9]. 1000. a 
et sao | ose | 048 | 004 | 
avi _2ere. 1]. 00508] eos. of) 0071 
raf era [| 060 | 08s | 005 | 
ro fess | ose | ose | oor _| 
rot a4 [oso | oer | 002 _| 
rar [720 | 060 | 06s | 0.08 | 
Veet 756 [| oer] 067 | 0.06 _| 
rest 7a2 [| oer o71_| 010 _| 
rea fees | 060 | 07s | 014 | 
es | vee4_| 080 | 077 | _-018 | 
rast 900 | os7 | 080 | 023 | 
rer [ese | 04s} oes | 008 | 
rest e72 | ose | oer | 053 _| 
ret 1008 | 020 | 090__| 061 | 
A 
rar} 1080 | 0s | 096 | -062 | 
rset one | oss | 090 | 065 | 
rast ns2 | os? | 103 | 066 __| 
rae [ ones [| 050 | 4.06 | 056 _| 
ras [124 [06s | 109 | 046 | 
ras [1260 | 074 | ate | 008 _| 
rar [1296 | 079 | 1.16 | 0a7_| 
ras [1332 | 069 | 419] -0.50_| 
re | 1968 | 052 | 122 | 0.70 | 
rao] 1404 | 049 | 1.25 | 076 | 
rar] 1440 | oss | 128 | 093 | 
rae [1a76 [023 | 192 | 1.09 _| 
ras [512 [010 | 195 | 1.25 | 
ras [1548 [| 000 | 198 | -1.08 _| 
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Glendive Experimental Test Section, 1992 


Table 7WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2192+00, MSU St. 13 2188+00, MSU St. 14 
int] Pavement] Profilograph | Profilograph | Pavement 
fy 000m |) 0008 [Tt 000% | 
m7 00%m (7 -0.0%— |) 0.038 | 
| 0.08 | 


oO 
< 
=a 
° 
= 
as 


aE 
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@ 
° 
ro) 
_ 
nN 


fo) 
2 


fo) 
® 
ro) 
w 
® 


1o2) 

fo] 
‘ o 
— 
N 


L 


0.57 -0.63 


| 0.59 -0.07 


0.61 -0.73 -0.12 


-0.48 


0.75 

[35 | 1224 | 0. 

|36 | 1260 | 080 | -1.22 0.42 
[37] izo6 | o66 | -126 | 0.60 | 
[38 [1332 [oer [129 | 068 
[sof ies [ 052 | -133 | 081 
[40 [ 1404 | 042 | 136 | 094 | 
ate [144.05 }on0.92" [1.400 of 1.08 - 
425] 147.650| R020) i -1.439 [i -F.23 | 
REN DEG a ee ee 
P44 [1548 [007 [1.50 | 1.57 __ 
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Glendive Experimental Test Section, 1992 


Table 8WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2180+00, MSU St. 16 


2184+00, MSU St. 15 


$e 


bis 9/9 


Pavement 

Elevation(Y) 
0.01 
-0.11 
-0.18 


0.08 
0.07 
0.22 
ior 18. 
0.07 


Profilograph 
Level (in) 
-0.07 


-0.27 
-0.31 
i 0.41 


-0.72 
-0.75 
-0.79 
-0.89 
-1.13 


£} a 
6) & 
= 
Cc ~ = ro) ty 
8l5 = = =| 8/4) 8/8 Pa = 2 
=1 6 fo} : o fol Ko) foi Ko) o|/o o o 
&|S 
~~ 
= 


us 


Paveme 


Elevation(Y) 
| 0.46 | 
| 0.58 | 
| 0.65 
|__ 0.64 
a Te 
0.20" | 
| 0.66 
| 0.58 
| 051 | 
eee: at 
| 
| 051 | 
| 0.70 
| -0.80__| 
| 0.89 
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Glendive Experimental Test Section, 1992 


Table 9SWD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 


2176+00,MSUSL17 2170+00, MSU St. 18 
Point] Pavement] Profilograph | Profiograph| Pavement ]| [Point] Pavement] Profilograph | 
Pw | ve tee Coordinates : 
rzt00 | 000 | 000 | 000 | 

D236 | 008 [008 [002 

Be] 72 [00 | 000 | 00 | 

a | tos | oe | 019 | 007 

SS 

me | iso | 00 | ze | 026 | 
See 

re | 2s2 | 005 | oar | 098 _| 

Po | oss | 00 | ose | 040 | 

| sea | om | 0o40 | 04 | 

rir se0 | 002 | 045 | 0.47 _ 

[ret sas | 005 | 049 | 0.44 | 

Bs (ase [ois | om | os | 

at ass | 023 | oss | 035 _| 

he] con | on | 06 | oz | 

re [ sao fo | 067 | 026 | 

rice [cs | on oz | 

ie] sie [04 | o7e | _os1 | 

Daj es | o7 | 000 | os | 

P20 [esa [ost | oes | 034 | 

ri. eo | os | oso |, ose | 

ree 756 | oss | 004 | 0m | 

res [792 [| 050 | 098 | 048 | 

ree [28 | 04s [| 1.03] 087 _| 

ros [esa | 04s | 1.07] 064 | 

ree [900 | oss | ae | 077 _| 

rer [ess | 027__| 16 | 089 

ree] ere] ozs | 121 | 095 

ree] 1008 | 026 | 125 | 099 

rao 1044 | 025 | 129 | 1.04 | 

rar [1080 | 025 | 134 | 1.09 

rse[ ote | oso | 138 | 1.08 

rss [m2] oss | 143 | 4.10 _| 

res [ es | os7__| 147 | 1.10 
rasa | oas_| 152 | 1.07 

ras [1260 | 04s | 156 | tat 

rar [1206 | 04a | tert? 

rae | _193.2 7 
rae ts68 | 025 | 170 1.38 
rao [1404 | 025 | 174 aE 
rat [144.0] 0.18 Pa ae? 
rae [_14a7.6 | 4103 | aamone 
EEE 
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Glendive Experimental Test Section, 1992 


Table 10WD. Coordinate System of the First Annual! Post-construction Pavement Profile of West Bound Driving Lane. 


2164+00, MSU St. 19 2160+00, MSU St. 20 
Point] Pavement] Profilograph | Profilograph | Pavement ]| [Point] Pavement] Profilograph | Profilograph | Pavement _ 
|_| Width 0 | Coordinates | __Level (in)_| Elevation(¥) | 
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Glendive Experimental Test Section, 1992 


Table 11WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 
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Glendive Experimental Test Section, 1992 


Table 12WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 
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Glendive Experimental Test Section, 1992 


Table 13WD. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Driving Lane. 
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Glendive Experimental Test Section 


Table 1WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 
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Glendive Experimental Test Section 


Table 2WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 
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Glendive Experimental Test Section 


Table 3WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 
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2220+00, MSU St. 8 


Table 4WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 
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Glendive Experimental Test Section 


Table SWP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 
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Glendive Experimental Test Section 


Table 6WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 


2200+00, MSU St. 11 2196+00, MSU St. 12 
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Glendive Experimental Test Section 


Table 7WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 
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Glendive Experimental Test Section 


Table 8WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 


2184+00, MSU St. 15 2180+00, MSU St. 16 


[Point] Pavement Protilograph| Frotilograph} Pavement 
|_| Width (X) | Coordinates} Level (in)_| Elevation(Y) 
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Glendive Experimental Test Section 


Table 9SWP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 


2176+00, MSU St. 17 2170+00, MSU St. 18 


[Point] Pavement] Profilograph] Profilograph| Pavement | Pavement 

[| Width [Coordinates] Level (in)_| Elevation(¥) 

[if 00 | 000 | oo | on | 

3 a a 

rs} 72 | 000} -0.06 | -0.06 | 

pa [108 [000 | 099 | 209 | 

Baraca | 000 | 012 | 012 

re] 10 | 002 | 015 | 017 |} 

[7] 216 | 005 | 018 | 023 
Sejece | 10 | 02) 

rs} 288 [000 | 023 | 023 | 

ro] saa | 002 | 026 | 028 

rit 360] 0.05 | 029 | 034 
nasse | 005 | 002) 037 
a a ee 
eens | 00 | oat | 

re} 54.0 | 0.00} -044__| 044 

rar [ere | 0.00 | oar | 047 

5 

051 

20} a4 | 003 | 086 | 053] | 20] 

Part 720 | 004 | 059 | 055 

2 a 

| extc7s2 [005 [0.64 | 0.59 

rea} e28 | 0048 | 067 | 063 _ 

ros] ee4 | 002 | 070 | 068 

rae] 900 [001 | 073 | 072 || | 26 | 3 
rer} 936] 000 | 076 | 0.76 | | 271 “aoe oe? 058 _| 
reef 972 | 000 | 079 | -0.79 | | 28 | 97. 
stone [007] 082 089} [9 [1008 [0.05 | 
30 [1044 [0.10] 085 | 0.95] | 30 | 1044 [0.04 | Gee ER el 
rar 1080 [002 | 071 | 0.69 | 
rao [ott] ost | 1.02] |-s2 ie [0.00 0.74 
ras [1152 | 0.00 | _-0.76 
rae [ 1186 | 0.00 | _-0.78 
astore4 [012.002 | fas t224 [oor [08 
rae [1960 | 0.02 | 0.83 | 0.85 _| 
rar [1956] -0.09 05] 4 | [a7] 1296 | -002 | 08s | -0.87 | 
ga} c1sa2 [0.09 .08 .17 | fsa [1332 [0.02 [088 | -0.90 
P39 [1366 | 0.02 | -0.90_| 0.92 | 
ao] 1404 | 010 taps | a0] 1404 [0.00 [0.93 -0.93 
rat [1440 [0.00] -0.95 | 0.95 _| 
tartare | 01s | 120-135 | [ae] tare | -002 [097 | -0.99 


io?” Netnevae nurs: 


Bt 76 UBM 4 Ottc 
a a r —— Qf. WS es |! ati 
) Tey: Tie vi a pw Kosta: o'> rNerrmevan LA 4O"l 


= a 


7 ~ i i. fs 4 
haves My) te eae +e y) cw } v 
f a4 aa - ae = = ~ o 
| i] 1.0 : PAY | UA = 
} —_ \ -~ >> —r ments ee ee 4 
| oO 7 | 0 ; \ i 
se + : —e oe capes ~, 
et 0c C 1 £ § 
a ay 4. 2a ie Ys ns 
J as : Ut | 
—- pt — fe 
» t le 069.0 & >! 
- oo — — Se a om. 
. ‘ > r . » 
>»! 4 4 w 4s} ed 
— st 
eG ae 
—_— _ a — —_- —~ % 
| ba o 8 
- 7 - - « a a: - 
4 : OF it e 2 at q 
-¢ nee 


r an ef +" sr ri 
T oo. me 
: £ Sak 
+ - al —— 4. ——— —— —* — 
A) > A ¢ 
- - - 
os — | 
fe : ae 7 


} han “a 4 
+ AJ ; 
. = o- ~~ pa 2 
: \ ‘ ai wed 4 
>) a oe ="7 
- c 
1.0 : ‘ iS 
aay enaperan ; pape . ae oe. s 
‘ wr} , > . 
| ~ 300 a | S&S 
suinnarwarersanean ieee 
» 


ne oS 
4 ' ,r § 
: aan a0 )~«~wté~‘C~«i 
2 _— - 4 me - , +. 


wo WO launch Jon rth 


raiteed feeT 


(saan gS 


VE 


Lo 


ad bs 


hs — 

k Jey i 

Ut a J ¥ 
Boy J 7 

SA ’ 

\ Vera 


=) hd 


FaeCee 
looly 


f 
Elo) 


‘xm wivei@a 
“Se te 


etiam i 
- 
( 


4 


ca 


ee 
Cu; < 
eI 


; 
; a 


zi 


Pitt t 
q Bal tor 


elrieie 


44d 


pred 


ae 


se 
ae 


Glendive Experimental Test Section, 1992 


Table 10WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 


2164+00, MSU St. 19 2160+00, MSU St. 20 


[Point] Pavement Frofilograph] Profilograph] Pavement | | Pavement] Profilograph] Profilograph] Pavement | 

|__| Width (X) | Coordinates] Level (in) | Elevation(Y) 

Pi} 00 | ~=6000 | 000 | 000 | 

peeeese|- 003 | o02_| 001 

aeleei.c | 0.07 | 0.04" [0.03 
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Glendive Experimental Test Section, 1992 


Table 11WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 


2154+00, MSU St. 21 2150+00, MSU St. 22 


Point] Pavement] Profilograph] Profilograph 
(X) | Coordinates| Level (in) _| Elevation(¥) 
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Glendive Experimental Test Section, 1992 


Table 12WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 


2144+00, MSU St. 23 2138+00, MSU St. 24 


Point] Pavement] Protilograph| Profilograph| Pavement | 
[| Width (Xx) | Coordinates] Level (in) _| Elevation(Y) 
eee 000 [0.09 | 0.00 —|_~_—a.00 
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Glendive Experimental Test Section, 1992 


Table 13WP. Coordinate System of the First Annual Post-construction Pavement Profile of West Bound Passing Lane. 
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Appendix C 
-Tables 1ED to 13ED - Coordinate System of First Annual Post- 
construction Pavement Profiles of East Bound Driving Lane 


-Tables 1EP to 13EP - Coordinate System of First Annual BOs 
construction Pavement Profile of East Bound Passing Lane 
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Glendive Experimental Test Section, 1992 


Table 1ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 


2130+00, MSU St. 27 2134+00, MSU St. 28 , 

Point] Pavement] Profllograph] Profllograph| Pavement | [Point] Pavement] Profllograph| Profllograph] Pavement | 
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Glendive Experimental Test Section, 1992 


Table 2ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 3ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 4ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 5ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 6ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 7ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 8ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 9ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Glendive Experimental Test Section, 1992 


Table 10ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 11ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 12ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 13ED. Coordinate System of the First Annual Post-construction Pavement Profile of East Bound Driving Lane. 
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Table 1EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 
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Table 2EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2138+00, MSU St. 29 2144+00, MSU St. 30 
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Table 3EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2150+00, MSU St.31__ 2154+00, MSU St. 32 
Point] Pavement] Profilograph| Proflograph] Pavement | 
| Coordinates] Level (in)_| Elevation(¥)} 
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Table 4EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2160+00, MSU St. 33 2164+00, MSU St. 34 ws 
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Table 5EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 
2170+00, MSU St. 35 2176+00, MSU St. 36 
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Table 6EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2180+00, MSU St. 37 __ 2184+00, MSU St. 38 
Point] Pavement] Profllograph| Profllograph| Pavement | [Point] Pavement] Profllograph] Profilograph| Pavement | 
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Table 7EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2188+00, MSU St. 39 2192+00, MSU St. 40 
Pavement 
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Table 8EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2196+00, MSU St. 41 2200+00, MSU St. 42 ee 
Pavement] Profllograph] Proflograph| 
Width (x) [ Coordinates| Level (in) _ 


oO 
Pied fF 


: 
=e 
' 
iée) 
~ 


oOo) 

| & 
O};f| WIM] oD 
o|9 

—_—A | eh ‘ 
O|oO 

oe eo, 
—_ ) 

oO 

i 


aa | 
on 


E 
ho 
oO;O 
— 
nN 
' 
a 
ee | 
> 


6 
| 
een : 
ryaa0 [005 | 2.29 | 2.24 
0.02 2.33 
2.56 
154.8 2.6 


oP P , 73) T oinerry 


20% gunn ted? ort) lo eeteniinee Siam 
. w _ + ee = 


8? 0- : ro’ 
A - —_ : 
TA + 7: 
=, L 4. 
rE.0 . 
y t 
\> : 
= rf 
iL 


pe a Se a eG 


i ae ee he 

; 0. | 2 EAC aS & 
| 8 S.fé 
{8 ate 


ott 
— —_. —+} —_ 
ar 
wl 
5 ‘VJ 
_ 4 _— 
. = ~ 
! : / 
{ me 
i 
© * 
J 
: ro 
_ — 
Iu 7.0 
F "t) « + Ti : 
‘ / 2 ¢ 
— ~ -— 
. ' ’ 
-- 4 


oS 
} 
. one 
= 
z 
we 


cle 
ba , 


Glendive Experimental Test Sectin, 1992 


Table 9EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2208+00, MSU St. 43 2214+00, MSU St. 44 
Pavement 
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Table 10EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 


2220+00, MSU St. 45 
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Table 13EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 
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Table 9EP. Coordinates of the First Annual Post-construction Pavement Profile of East Bound Passing Lane 
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Appendix E 


-Plots of the First Annual and Post-construction Pavement 
Profiles of West Bound Passing Lane by MSU Station Number, 
Highway Station Number and Modifier Used 


NA 


Hdhite Hi 
bili 


*. 

o 

°. 
R2VO0S 


?. 
re 
2 
S2 
2 

2 


oe 
O 
+, 
© 
O 
?, 
O 


i 


res 
res 
re 
6 
5 
25 
wecesesegentee, 
24 
‘es 
525 
re 
res 


i 


¢, 
YL 


LABEBAESEABEBEEREDOEEOEONE 


7 zsoroo [Pov | 
2 Tzse-100 | Powe | 
5 | zs0-00 | Ponybit | 
4 _| 2244+00 | Polybitt | 
5 —Taes00| one | 
——7_| 2226+00 | Polybit | 
af azo 00 | Pet | 
[9 _|_ 2214+00  Polybitt | 
0 2206:-00 | Pov | 
[11] 2200+00 | Eon | 
[12 _| 2196+00 Exxon _f 
rie | Exxon | 
14 _| 2168+00 | Exon | 
= at8a-00-| Boxer | 
Ie Lats0+00 | Been | 
I —77_|_2176+00 | Exon _| 
[18 | 2170+00 | Kraton_| 
(157 [erese00 [Keton 
20 [2160:400-[ Kater | 
I—21_| 2154400 | Kraton | 
[22 _| 2150+00| Kraton | 
23 _| 2146+00 | Kreton | 
rea _| 2138+00 | Kraton | 
T_25_| 2134+00 | Kraton | 
as er20+00 | Keaton 


a6 


+ 


tnewevst nottouttedoo-ta0t bas feud $oakt oft 
,tecauy solzes@ Jem yd onet prieesd. bavcd: desw 
heal telitboM bas xedawh aolse 


Pa P vs ~ - ° " a — ~ xP ia : . 
os ay y OS i Se ‘ at A a} . : ae nas | i 5 rT. Ves! ith 
. it A seer lise! ‘ vie «A \ » NOTRE a tt ' 
GPa Sask CN) TT AS SR Ma) ae ii 


a3 UBM OF .t2 U2M-—- aS wet 


‘0 ; ates MS iedereeriic « 
| 

: Hue? | yewrlod |} UaM 

: hea | ¥G | nogaic Hs Moun? 
{ pocior4 r 


7 
- 


tT cae 
rate | Gebers 
=) | 
rear | Costes | ors ht 


ind 


5 
of 
- 
* 
« 


m20-12.0 -10.8 -9.6 © 8.4 s27.2i90-60 


Post-construction & 1st Annual Profiles 
MSU St. 1, 2260+00, Polybilt, WBP Lane. 


48 36.,-24 -12 0.0 


Pavement Width from Center Line in ft. 


seen - Profilograph Elev. —— Surface Elevation 


Post-construction & 1st Annual Profiles 
MSU St. 2, 2254+00, Polybilt, WBP Lane. 


oe 
a 
a 
=< 
<n 


— 
. 
4 
- 
- 
<5 


—_ 
3*% 
- 
rad 
- 


120 -108 -@Grer-6:4 007.2 ft 60 Ce-*6lne.6 -24 -1.2 
Pavement Width from Center Line in ft. 


Profilograph Elev. —— Surface Elevation 


Elevation of Pavement Surface in inch 


Elevation of Pavement Surface in inch 


EIGARTIOU Of DBAGUWSU emisce wo 


EO GLOW Of _SAewoOU, F uysoS A) OY 


a —- -— -—- 


é.;> 


eo 
+” 


00 


| 
| 


re ee ce 


one! FAW tlidyio4 00+08S8 ,t 18°UE 
sie | ) ; 


ot Sena 


eee ee A 
a 


ak ous ie oat i, i ae oe a eel aD es : 
a os OF Se Of Si- 82 82 


eslitor iaunriA tet & ndlfourtenoa-tec 


— ew: RG 


— 


Jt mi snij vetned mio ARIW Inemevet 


. folsvela conta —— veld dampolfioss a 


zalftor9 isunnA fet 8 noitouifenoo-1209 | 
ernst FEW HidyicS 00+s2eSS S je UeM | 


Post-construction & 1st Annual Profiles 
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Post-construction & 1st Annual Profiles 
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-Plots of the First Annual and Post-construction Pavement 
Profiles of East Bound Driving Lane by MSU Station Number, 
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MSU St. 41, 2196+00, Control, EBP Lane 
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MSU St. 43, 2208+00, Kraton, EBP Lane 


Pavement Width from Center Line in ft. 


--- Post-construction —— First Annual 


Post-construction & 1st Annual Profiles 
MSU St. 44, 2214+00, Kraton, EBP Lane 


10.8 9.6 -84 -7.2 -6 48 -3.6 -2.4 
Pavement Width from Center Line in ft. 


Post-construction —— First Annual 


Elevation of Pavement Surface in inch 


Elevation of Pavement Surface in inch 


E}GASHOU Ci h/BAGWELI SNLUSCS ju jucp 


EIGAUTION Of LS SUsely ONYysCe fu Wey 


2alitor9 IsunnA tet 8 noltourtanoo-teo4 
ene 98S ois (00+8088 £4 12 USM 


4 


+ 
| 


f- poe 


e-- eT t B oe : ;, 
SF b S- ey ah. - $¥- < 8.9- 


S-ni endl wined mov niihiW inemevad 


asilior4 isunnd tet 2 nottoutenca+204 
ans] 98S .notsy ,00+Atss bh Je UeM 


0 ow 
ce QO. 4+——— 
f ctieeetianesrsstine 
a 
S - 
3S- 
~ 6 Sh 
i 
4 


Post-construction & 1st Annual Profiles 
MSU St. 45, 2220+00, Kraton, EBP Lane 


-10.8 -9.6 -8.4 -7.2 -6 48 -3.6 -2.4 -1.2 
Pavement Width from Center Line in ft. 


—--- Pgst-construction —— First Annual 


? 
noon 


-10.8 -9.6 


Post-construction & 1st Annual Profiles 
MSU St. 46, 2226+00, Kraton, EBP Lane 


4 -8.4 -7.2 -6 48 -3.6 -2.4 -1.2 
Pavement Width from Center Line in ft. 


Post-construction —— First Annual 


Elevation of Pavement Surface in inch 


Elevation of Pavement Surface in inch 


eslford isunnd fet 3 
ens} 423 ,notevi .00+08SS ap 42 UBM 


Pi fy 
2. 
a.o+——— 
a 
> 
& t- an 
: Bt <= 
- « 
»* - a te wna 
x i 
Pee See ree 
ie . | 
nr Oe a be enn ee %, mY 


std ond dele) ino ditaW/inemeve 


2eeiford tsunnA te! 8 nollsouvenea-teod 
ons 98a ole .00+8SSS ob Je UEM 


et) 
= 


¥2 


FiSAgIOU OF Le SWSlt BNEsee Mm Cy 
7] 


Post-construction & ist Annual Profiles 
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-Plots of the First Annual and Post-construction Pavement 
Profiles of East Bound Passing Lane by MSU Station Number, 
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Post-construction & 1st Annual Profiles 
MSU St. 27, 2130+00, Polybilt, EBD Lane 


1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.0 9.6 10.8 12.0 


Pavement Width from Center Line in ft. 


.---- Post-construction ——- ist. Annual Profile 
i 


Post-construction & 1st Annual Profiles 
MSU St. 28, 2134+00, Polybilt, EBD Lane 


12 2.4 3.6 4.8 6.0 7.2 8.4 9.0 9.6 10.8 
Pavement Width from Center Line in ft. 


.----- Post-construction —— 1st. Annual Profile 


galfiors IsunnA tet & noilouttenoo-teo9 
ons} GSS Hidvied 0O+0erS TS seUeM 


ion Sepainsinn ian RE een Sek eee en Ben re Ain ean neon en eee, a eae ore ee ee men? 
DS kor "se'oe'ske S¥ 08 8s Sf OS St Gan 
fini enld veins med nibiW inemeve4 


alior9 iaungA jer — - nolkantanas-teoF —< 


. A Rn 


asiitov9 IsunnA tet} nolloutenos-l204 
ens) OSS JiicvieS ,0O+SETS 6S te USM 


| 
| 
| 
| 
. 
\ 


STS ee 


> a 
<<. 
_ _ ee el — 
| el 
ee ~ or A 
| ra 
: we 
+ —— eo AO Ny a ica ee ee a 
| 
y 
e 
ca ee cme ee ne 


esrost 80; GeCehe SY 08 8h O86 FS St 
ft ni onid veins mont AD insmeva4d 


co 


Elevation of Pavement Surface on inch 


Elevation of Pavement Surface on inch 


Post-construction & 1st Annual Profiles 
MSU St. 29, 2138+00, Polybilt, EBD Lane 


0.0 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.0 9.6 10.8 12.0 12.9 
Pavement Width from Center Line in ft. 


----- Post-construction —— 1st. Annual Profile 


Post-construction & 1st Annual Profiles 
MSU St. 30, 2144+00, Polybilt, EBD Lane 
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MSU St. 31, 2150+00, Polybilt, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 33, 2160+00, Polybilt, EBD Lane 
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MSU St. 34, 2164+00, Polybilt, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 35, 2170+00, Polybilt, EBD Lane 
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MSU St. 36, 2176+00, Control, EBD Lane 
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MSU St. 37, 2180+00, Control, EBD Lane 
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MSU St. 38, 2184+00, Control, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 39, 2188+00, Control, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 41, 2196+00, Control, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 43, 2208+00, Kraton, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 45, 2220+00, Kraton, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 46, 2226+00, Kraton, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 47, 2232+00, Kraton, EBD Lane 
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MSU St. 48, 2238+00, Kraton, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 49, 2244+00, Kraton, EBD Lane 


2.4 3.6 4.8 6.0 7.2 8.4 9.0 9.6 10.8 12.0 12.9 
Pavement Width from Center Line in ft. 


----- Pogt-construction —— 1st. Annual Profile 


Post-construction & ist Annual Profiles 
MSU St. 50, 2250+00, Kraton, EBD Lane 
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Post-construction & 1st Annual Profiles 
MSU St. 51, 2254+00, Kraton, EBD Lane 
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MSU St. 52, 2260+00, Kraton, EBD Lane 
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